


















Prospects for strangeness m easurem ent in A LIC E
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(ALICE)
1Consorzio COM ETA, Catania, Italy
The study ofstrangeness production at LHC willbring signi cant inform ation
on the bulk chem icalproperties,its dynam ics and the hadronisation m echanism s
involved at these energies. The ALICE experim ent willm easure strange particles
from topology (secondary vertices)and from resonance decaysovera wide range in
transverse m om entum and shed lighton thisnew Q CD regim e. These m otivations
willbe presented as wellas the identi cation perform ance ofALICE for strange
hadrons.
I. IN T R O D U C T IO N
From the beginning ofthe search forthe Quark-Gluon Plasm a (QGP),strangenesshas
been a powerfulprobe ofthe chem icaland dynam icalproperties ofthe m edium created
in heavy-ion collisions. An enhanced production ofstrangeness was originally considered
asa m ain signature ofa hotand therm alised system having partonic degrees offreedom .
Indeed,the creation ofstrange quark-antiquark pairs in a m edium in which quarks and
gluonsaredecon ned should belargerthan in a purehadronicsystem ,which should result
in an enhancem entofstrangeparticles:them orestrangenessthey contain,thegreaterthe
enhancem ent[1]. In addition,because the volum e involved in heavy-ion collisionsism uch
biggerthan in sm allsystem s,a statisticalrelative enhancem entofstrange particlesisalso
expected [2].
The statisticalhadron-resonance gasm odelsatequilibrium ,aswellasW roblewskifac-
tor predictions,describe successfully the strange particle ratios at SPS and RHIC [3,4],
which indicates a chem icalequilibrium has been possibly reached,which a QGP m ay be
the vector of. W hereas statistically understood,hadron production itselfand its m echa-
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2nism s stillrem ain an open question. Severalso-called ‘recom bination’m odels argue that
two com petitive m echanism sgovern hadron production:low-and interm ediate-m om entum
hadronsare m ainly created via coalescence of‘soft’quarks,while high m om enta are ruled
by fragm entation [5,6,7,8]. Thisidea iscon rm ed experim entally by severalresultsthat
revealastrongdiscrepancy between m eson and baryon production when considering observ-
ablessuch asm om entum distributionsornuclearm odi cation factors(RC P )[9,10,11].The
understanding ofhadron production attheLargeHadron Collider(LHC)willim ply,there-
fore,theunderstanding oftherelativecontribution ofthesecom petingm echanism sand how
they interplay in theinterm ediate m om entum region,where thebaryon-m eson discrepancy
ism oreevident.
It is hence m andatory to m easure hadrons at LHC in a region ofm om entum as wide
aspossible to understand the underlying QCD processes. Strange secondary vertices and
resonanceso erthe opportunity to do so,since theiridenti cation m ethods(topology and
invariantm ass,respectively)m ay belim ited by statisticsonly.Besides,resonancesprovide
an additionalpossibility toinvestigatethecollision dynam icsatitsearly tim es,in particular
forprobing theduration between chem icaland therm alfreeze-outs.
W hilePb-Pb collisionswillprovideexceptionalconditionstostudy theQGP duetolarge
volum e and lifetim e ofthe system ,LHC’s rstdata willbe p-p collisions,which willallow
to probe valuesofBjorken-x neverreached so far. In addition,p-p collisionswillnotonly
serve as benchm ark for Pb-Pb physics,but willalso be a way to test pQCD,which is of
fundam entalinterestin thisnew energy regim e.In thatrespect,thepreparation ofthetools
tom easurestrangeparticlesatLHC isofm ajorim portance,eitherin Pb-Pb orp-p colliding
system s.ALICE (A LargeIon ColliderExperim ent)isspeci cally designed forthestudy of
theQGP atLHC.Thanksto itslargeacceptanceand itshighly-precisetracking apparatus,
ALICE willsatisfy the need ofidentifying strange particles in a range ofpT covering the
soft,interm ediateand hard regim es.
In the two following sections,we presentALICE capabilitiesto m easure strange i)sec-
ondary vertices (with a particular em phasis on hyperons) and ii) resonances,considering
the particles K 0(892)and (1020). W e describe the m ethods developed forthe detection
ofthese particlesand show theirexpected reconstruction e cienciesand yields,and give a






















FIG .1:V 0 (left)and cascade (right)topologicalselectionsand  ducialzone.
II. ID EN T IFIC AT IO N O F SEC O N D A RY V ERT IC ES
StrangeparticlesK 0S, , and 
 decay,via weak interaction,few centim etersaway from
theprim aryvertex.Therefore,theirchargeddecaym odesm aybeidenti ed usingtopological
m ethodsthatconsistin selectingdaughtertrackcandidatesaccordingtogeom etricalcriteria,
asshown in Figure1.Theidenti cation ofV0s,nam ely K 0S ! 
+   and  ! p  ,isdone
applying geom etricalselectionson thedaughterim pactparam eters(b+ ;b  ),thedistanceof
closestapproach between thedaughters(D CA)and thepointing angle.A condition on the
V 0 decay position isalsoim posed by m eansofa‘ ducialzone’,de ned by two extrem eradii
in thetransverse plane.
The identi cation ofcascades (  !    and 
  !  K   ) consists in associating
a V 0 candidate with a single-track candidate (the ‘bachelor’),using selections on the V 0
m ass and im pact param eter, the D CA between the V 0 and the bachelor, the bachelor
im pactparam eter,and thecascadepointingangleand transversedecay radius.Thedetailed
procedurecan befound in reference[12].
Single particle identi cation (PID)isnotrequired in these m ethods,which m akesthem
especially e cient at interm ediate and high transverse m om enta,where energy loss and
tim e of ight identi cation fail. Asa m atteroffact,the studies presented in thissection
wereobtained using theALICE tracking devicesTPC and ITS,withoutany requirem enton
single-track energy lossinsidethesedetectors.
The two following subsections present respectively the secondary-vertex identi cation
perform anceofALICE forPb-Pb and p-p colliding system s.
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sN N = 5:5 TeV .
A . H yperon reconstruction in P b-P b at
p
sN N = 5:5 TeV
A precise m easurem ent ofparticle production in the Pb-Pb system is very challenging
given the very high track density that im plies a large com binatorialcontam ination. For
this reason, the track topologicalselection m ust be  ne-tuned in order to get as m any
secondary vertex candidatesaspossible,keeping thebackground ata reasonablelevel,and
allowing thusto distinguish within thevery  rstm inutesofdata taking thesignalfrom the
background in theirinvariantm assspectrum .
Theresultsshown in thissection wereobtained from eventssim ulated with theHIJING
generator [13]param eterised for a charged particle density (dN ch=dy) at m id-rapidity of
4000.The , and 
 (and theirantiparticles)m ultiplicitiesatm id-rapidity and theinverse
slopesoftheirexponentialpT spectra aredetailed in reference [12].
Figure2 showsthe invariantm assspectra of and  obtained afterprocessing the full
reconstruction chain on 300 ofthe aforem entioned events. For the 
 ,a dedicated study
wasperform ed due to the low e ciency and requested 6000 events. One can observe that
thesignalisclearly visibleforallthreehyperons,with signaloverbackground ratios(S=B )
closeto theunity and resolutionson invariantm assaround 3 M eV=c2.Theaverageoverall
e ciency for ( ,
 )reconstruction correspondsto 11% (0.45% ,0.36% ). In otherwords,
oneshould expectan m ean num berof11 (0.07,0.01)identi ed  ( ,
 )perevent.
To draw an estim ate ofthe capability ofALICE to identify high-pT hyperons,we use
the overallreconstruction e ciency as function ofthe hyperon pT,which we m ultiply by
thepT spectrum expected in Pb-Pb collisions.Each pT spectrum isobtained assum ing the
statisticsof107 centraleventsestim ated forthe rstPb-Pb run and consideringtwoextrem e
valuesofinverse slopes.
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FIG .3:  (left), (m iddle) and 
 (right) reconstructed yields expected for 107 Pb-Pb central
events at
p
sN N = 5:5 TeV . Foreach particle two inverse slopesofthe exponentialpT spectrum
are considered.They are reported on each  gure togetherwith the assum ed m ultiplicity perunit
ofrapidity.
The reconstructed yield spectra asfunction ofpT arepresented in Figure3.They show
thata statisticsof 100  ( ,
 )can beexpected atpT ashigh as10 (8,6)GeV=cwithin
the rstrun.In orderto takeinto accounthard processes,onecould consideran additional
power-law contribution in thehigh-pT partofthegenerated distributions;thatwould push
thesestatisticallim itsto highervalues.
B . H yperon reconstruction in p-p at
p
spp = 14 TeV
The identi cation ofsecondary verticesin p-p collisionsisratherdi erentfrom thatin
Pb-Pb.Since in thesm allsystem particle m ultiplicitiesarelow,com binatorialbackground
iseven lower,which allowsthereforetopologicalselectionsto beloosened in orderto gather
m oresignal.However,thep-p system isa ected by alargererroron prim ary vertex position
m easurem ent in low-m ultiplicity events, which can substantially alter the reconstruction
e ciency.A detailed study on thesee ectscan befound in reference[14].
Figure4 showstheK 0S, and  reconstructed invariantm assspectra obtained from p-p
eventsgenerated with PYTHIA6.214[15].TheS=B ratioisveryhigh fortheK 0S and closeto
unityfor and .Theobtainedprecision oninvariantm assm easurem entisabout5M eV=c2
forK 0S and iscom parableto thatofPb-Pb forwhatconcerns and  .An estim ateofthe
 and  reconstructed yieldshasbeen perform ed aswell. They are illustrated in Figure5
asa function ofpT in the rapidity range jyj< 0:8,assum ing a num berof10
9 events. The
highesthyperon pT reached (considering a statisticsof 100 entriesin the corresponding
bin)within the rstp-p run isalso com parableto thatobtained in Pb-Pb.
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FIG .4:Reconstructed invariantm assspectra ofK 0S (left), (m iddle)and  (right)obtained from
p-p collisionsat
p


















 Events9Statistics = 10
 = 0.025 
y=0



















 Events9Statistics = 10
 = 0.0024 
y=0



















 Events9Statistics = 10
 = 0.000055 
y=0
|η: dN/dΩ|< 0.80, η|
PYTHIA 6.214
FIG .5:  (left), (m iddle) and 
 (right) reconstructed yields expected for 109 p-p events at
p
spp = 14 TeV .Theassum ed m ultiplicitiesperunitofrapidity are reported on each  gure.
III. ST R A N G E R ESO N A N C E ID EN T IFIC AT IO N .
The results shown in this section concern the K 0(892) and (1020) resonances. For
the sake ofsim plicity, they are indicated respectively by K  and . The decay m odes
investigated in this section are K  ! K +   (or K  ! K   + ) and  ! K + K   . Since
resonances decay very early,theirdecay daughtersare notdiscernible from otherprim ary
particles.Resonancesareidenti ed viainvariantm assreconstruction m ethodsthatcom bine
allpossiblepairsofprim ary daughtercandidates.Theresulting background beingvery high
sincenoselection otherthan PID ortrackqualityisapplied,weestim ateitbym eansof‘like-
sign’or‘eventm ixing’procedures.Both aim to reconstructonly non-signalcandidatesand
to reproducethebackground shape.Thekaon and pion identi cation used in thesestudies
rely on a com bined PID obtained from theenergy loss(dE =dX )in theTPC,and from the
tim em easurem entoftheTOF.Theanalyseshavebeen perform ed on a sam pleof1.5M p-p
eventsobtained with theparticlegeneratorPYTHIA6.214 attheenergy
p
spp = 14 TeV.
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FIG .6:Left:K  invariantm assspectrum (unlike-sign pairs,squares)and estim ated background
(like-sign pairs,triangles).Right:K  invariantm assspectrum afterbackground subtraction (cir-
cles) and true signal(crosses). The curve is a Breit-W igner  t. pT and y are integrated in both
 gures.
A . K 0(892) identication in p-p at
p
spp = 14 TeV
W epresentheretheresultsobtained fortheidenti cation ofK.Figure6 shows,on the
leftpart,the reconstructed invariantm assspectrum ofthe ‘unlike-sign’pairs(K +   )and
(K   + )togetherwith theestim ated ‘like-sign’background.Thelike-sign background isin
a good agreem ent with the unlike-sign spectrum ,apartofcourse in the region ofthe K 
m asswherethesignalpeak isclearly visible.Therightpartofthe gureshowstheresulting
subtraction between the unlike-and like-sign spectra,where the associated sim ulated K 
spectrum issuperim posed. A Breit-W igner tofthe subtracted spectrum returnsa m ean
m ass of895 M eV=c2 and a width of56 M eV=c2,to be com pared to the expected values
896 and 52 M eV=c2 [16]. The agreem ent is good for the m ass calculation,whereas less
accurate forthe width,due to detector-resolution e ects. The K yield iscalculated here
from the  tintegral;the relative discrepancy with the true signalis0.9% ,which indicates
thebackground isestim ated accurately.
A sim ilarsignal-calculation procedure wasapplied forvariousbinsin pT.Figures7 and
8 show theinvariantm assplotsfortwo selected pT intervals:[0  0:5]and [3:5  4]GeV=c.
In each bin ofpT,thebackground estim ation isin reasonableagreem entwith theunlike-sign
spectrum . Thisagreem entdoesnotseem to be a ected,within the  uctuation am plitude,
by the factthatthe spectrum shapesin the two binsstrongly di er. Furtherm ore,despite
the relative low statistics resulting in each bin,the signalextraction in both cases is still
8)2) (GeV/c-pi++K+pi-Mass(K







































FIG .7:Left:K  invariantm assspectrum (unlike-sign pairs,squares)and estim ated background
(like-sign pairs,triangles) for pT < 0:5 G eV=c. Right: K
 invariant m ass spectrum after back-
ground subtraction (circles)and truesignal(crosses).Thecurveisa Breit-W igner t.
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FIG .8:Left:K  invariantm assspectrum (unlike-sign pairs,squares)and estim ated background
(like-sign pairs,triangles) for 3:5 < pT < 4 G eV=c. Right: K
 invariant m ass spectrum after
background subtraction (circles)and truesignal(crosses).Thecurveisa Breit-W igner t.
possible.W ehence choseto draw a  rstestim ate oftheoverallreconstruction e ciency as
a function ofpT and y.Thecorresponding resultsarepresented in Figure9,focusing on the
intervals[pT  y]= [(0! 4 GeV=c) ( 1:5! 1:5)].Theaveragee ciency isabout4% in
the m ostcentralbinsin rapidity,butdropssubstantially ( 2% )atlargerjyj,due to the

























FIG .9:K  reconstruction e ciency asa function oftransverse m om entum (pT)and rapidity (y)
in p-p collisionsat
p
spp = 14 TeV .
FIG .10: Left:  invariant m ass spectrum and estim ated background (like-sign pairs) for pT >
2:2 G eV=c.Right: invariantm assspectrum afterbackground subtraction.Thecurveisa Breit-
W igner t.
B . (1020) identication
 identi cation in ALICE wasalready investigated in Pb-Pb collisions[17].Thisstudy,
perform ed considering a m ultiplicity ofdN ch=dy = 6000 using theHIJING generator,illus-
tratesthefactthattheidenti cation ofthe resonanceispossiblein spiteofthevery large
com binatorialbackground. Indeed,Figure 10 shows accurate calculation ofthe like-sign
background and signalextraction forpT()> 2:2 GeV=cusing a single-track com bined PID
from TPC and TOF.Theobtained valuesforthereconstructed m ass(1019:60GeV=c2)and
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FIG .11: Left:  invariantm assspectrum (unlike-sign pairs,squares)and estim ated background
(m ixed pairs,circles). Right:  invariant m ass spectrum after background subtraction (circles)
and truesignal(crosses).Thecurveisa Breit-W igner t.
width (4:32 M eV=c2)arecom patiblewith PDG values[16].
W enow wish to focuson  identi cation in p-p at
p
spp = 14 TeV .Single particlePID
com esfrom TPC and TOF.W ekeep thekaon-candidatetracksthatsatisfythetwofollowing
conditions:i)pK > 0:4 and ii)pK > pe,p,p,pp where pX representsthe probability for
a track to be an electron,a m uon,a pion,a kaon ora proton.The invariantm assspectra
obtained from allprim ary K + K   associationssatisfyingthecondition 0< pT()< 4GeV=c
and  1:5 < y() < 1:5 ,are displayed in Figure 11. The background was estim ated via
event-m ixingprocedureand then norm alised.Onecan observethatthem ixed background is
in good agreem entwith therealbackground exceptin zoneswherecorrelationsareexpected.
The m easured m assand width obtained from a Breit-W igner tare respectively 1019 and
5.53M eV=c2.Them assiscom patiblewith theexpected value1019M eV=c2,butthewidth
m easurem ent is not as precise (to be com pared with 4:26 M eV=c2) because ofdetector
resolution. The yield calculation using the  t integralreveals a relative discrepancy of
 2:5% with respectto thenum beroftrue actually found,which m eansthecalculation is
ratheraccurate.Theoverallreconstruction rate,regardlessofthepT and yofthe,isabout
2:8% .Furtherm ore,weexpectthe to beidenti ed atleastup to pT  4 GeV=cgiven that
the studieson K  (presented in the previoussection)do notrevealany m ajordi culty to
detectkaonsin the corresponding m om entum range (in which TOF isstille cient). This
assum ption seem sto becon rm ed by prelim inary studies.
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IV . C O N C LU SIO N S
In these proceedingswe have discussed the im portance ofm easuring strange secondary
vertices and resonances in a broad range oftransverse m om entum ,and have shown how
ALICE willfacethischallengethanksto itstracking apparatusand identi cation m ethods
developed for that purpose. From the studies shown here, we conclude that ALICE is
perfectly suited for the m easurem ent ofthe strange secondary vertices K 0S, , and 

in both Pb-Pb and p-p colliding system s. Topologicalselectionshave been tuned to geta
goodcom prom isebetween signaland background with aprecision on reconstructed invariant
m assesofa few M eV=c2 and overalle cienciesof 11% forV 0sand  0:5% forcascades.
W e have shown thatPID isnotm andatory forthism easurem ent,and thatthese particles
can be detected within the very  rst m inutes ofLHC run. W ith statistics ashigh asthe
ones expected for the  rst runs,they should be identi ed in a range ofpT varying from
alm ost0 tovaluesofatleast10GeV=c.W ehavealso shown thatstrangeresonancescan be
m easured viainvariantm assm ethods,and thatthebackground can becalculated accurately
with both like-sign and event-m ixing estim ators.Concerning theK ,reaching pT’sashigh
as4 GeV=cisnotproblem atic,and so itshould beforthe.However,theidenti cation of
higher-pT resonancesshould bedonewithoutusing PID.
Thetoolstoidentifystrangesecondaryverticesandresonancesarereadyfortheupcom ing
data in 2008,and weinferthey can provide‘ rst-physics’observables.W ithin a largertim e
scale,thestatisticsofstrangeparticlesreconstructed with ALICE willby faroverstep that
ofpreviousexperim ents,and willallow severalnew studiesthatwere barely achievable up
to now becauseofstatistics,such asstrangehigh-pT hadron quenching orstrangehard-soft
correlations. W e believe these  elds ofresearch willbe am ong the m ost exciting ones in
strangenessphysics.
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